Development and initial application of a fully integrated photoacoustic micro-ultrasound system.
Photoacoustic (PA) imaging for biomedical applications has been under development for many years. Based on the many advances over the past decade, a new photoacoustic imaging system has been integrated into a micro-ultrasound platform for co-registered PA-ultrasound (US) imaging. The design and implementation of the new scanner is described and its performance quantified. Beamforming techniques and signal processing are described, in conjunction with in vivo PA images of normal subcutaneous mouse tissue and selected tumor models. In particular, the use of the system to estimate the spatial distribution of oxygen saturation (sO2) in blood and co-registered with B-mode images of the surrounding anatomy are investigated. The system was validated in vivo against a complementary technique for measuring partial pressure of oxygen in blood (pO2). The pO2 estimates were converted to sO2 values based on a standard dissociation curve found in the literature. Preliminary studies of oxygenation effects were performed in a mouse model of breast cancer (MDA-MB-231) in which control mice were compared with mice treated with a targeted antiangiogenic agent over a 3 d period. Treated mice exhibited a >90% decrease in blood volume, an 85% reduction in blood wash-in rate, and a 60% decrease in relative tissue oxygenation.